Based on the surface energy balance method, a road surface temperature prediction model is established using solar shortwave radiation, longwave radiation, sensible and latent heat fluxes,and surface heat flux. The numerical model for the prediction of road surface temperature has been tested on data from two road stations in the summer and winter.Observations from the Luilongguan and Yangfang staions in the highway are used to compare with the model simulations.The results show that the road surface temperature predictions are well correlated with the observations under the three weather conditions (sunny, cloudy, overcast).Correlation coefficients are higher than 0.90. It is relatively low in rainy and snowy conditions. The results are generally encouraging and indicate that the road surface temperature prediction model has a good performance.
Introduction
In summer and winter vast areas in many countries experience extremely high temperature,snow,ice,and frost.Such adverse weather conditions lead to dangerous driving conditions with consequential effects on road transportation. In summer hot weather can impact tires severely which can cause tire blowouts.In winter provision for a road surface temperature forecast is essential information for a highway engineer, allowing cost effective salting decisions regarding winter road maintenance.Therefore, more accurate prediction of road surface temperature is expected by the users.
Road surface temperature has been studied for many years. In 1957, Barber [1] has used infinite surface temperature medium periodic variations of heat conduction equations to determine the maximum road surface temperature. In 1972, Christison and Andenson [2] have studied the pavement temperature conditions under the low temperature condition. In 1997, B.H.Sass [3] has developed a numerical forecasting system which is presented for automatic prediction of slippery road conditions at road station sites in Denmark.In 2000,Hermansson [4] has developed a simulation model to calculate the temperatures of asphalt concrete during the summer.
In China minor scientists have studied road surface temperature who mostly utilize the statistical method. Qin Jian [5] has utilized the regression analysis between the measured road surface temperature data and meteorological data in several regions and developed a model to predict road surface temperature. Zhuang Chuanyi [6] has analyzed the relation between road surface temperature and air temperature,solar radiation intensity and rainfall and established the prediction model of surface temperature on sunny, cloudy,and rainy days.
In this paper, based on the surface energy balance method, the numerical model to calculate road surface temperature in the highway is established. A detailed comparison is made between the prediction and observation of the road surface temperature from two road weather stations in the highway.
Road surface temperature prediction model
The basic equation of energy transfer climatology is the energy conservation law.Surface energy balance equation is described as [7] 0 N R LE H S (1) where, N R is net radiation; LE and H is the latent heat flux and sensible heat flux, respectively; S is surface heat flux.The net-radiative flux is composed of the net short-wave radiation flux, as determined by beam and diffuse solar radiation Q q and albedo and the net thermal radiation.
Where, is Stefan-Boltzmann constant , sky T is air temperature, 0 T is road surface temperature.
Calculation of solar shortwave radiation and solar longwave radiation [8]
Solar shortwave radiation is composed of the direct solar radiation and the scattered solar radiation. Direct solar radiation can be expressed as 
Net longwave radiation is composed of the ground emitting longwave radiation( L )and atmospheric counter radiation( L ).
2.2.Calculation of sensible heat and latent heat[9]
Where, C is the heat capacity of the air; L is the latent heat of condensation, 0 T and 0 q is road surface temperature and relative humidity, respectively. is the air density, k is Von Karman constant, 2 U is the upper wind speed, 2 Z is wind speed, 0 Z is surface roughness layer.
Surface heat flux
Where, S is the surface heat flux, s K is the thermal conductivity, s Z is the level.
Road surface temperature
Thus,surface energy exchange can be expressed as
This value calculated by iterative substitution on digital computers is termed the equilibrium surface temperature. The iteration loop is exited when the error of the absolute sum of the components of surface energy transfer is less than 1 . / min mly .
Validation of road surface temperature prediction model
In this paper the observation data is obtained from the Huilongguan and Yangfang road weather stations in the highway.
3.1.Comparision between predicted and measured road surface temperature in the summer
Road surface temperature prediction is compared with the observation under four different weather conditions (sunny, cloudy, overcast, rainy).The results are shown in Fig. 1 and Fig.2 . It can be seen from Fig. 1 and Fig.2 that correlation coefficients between prediction and measured road surface temperature at two stations are about 0.90 under different weather conditions such as sunny, overcast and cloudy, but it is relatively low under rainy day.
3.2.Comparision between predicted and measured road surface temperature in the winter
Road surface temperature prediction is also compared with the observation under four different weather conditions (sunny, cloudy, overcast, snowy).The results are showed in Fig. 3 and Fig.4 . The experimental results show that correlation coefficients between prediction and observation of road surface temperature at two stations are about 0.90 under three weather conditions (sunny, overcast, cloudy), The maximum value is 0.95, but it is relatively low under snowy condition.
Conclusion
Based on energy conservation method, a road surface temperature prediction model is established using solar shortwave radiation, longwave radiation, sensible and latent heat fluxes,and surface heat flux.From the results of the validation study, the following conclusions can be drawn.
(1) The road surface temperature prediction model has been tested on data for two road weather stations in the summer and winter.Correlation coefficients between prediction and observation of road surface temperature are about 0.90 under three weather conditions (sunny, overcast, cloudy). Correlation coefficients in rainy and snowy conditions are relatively low. However,the results are generally encouraging.The results indicate that the prediction model has a good performance.
(2) For operational use, if the model can be combined with the high resolution numerical weather forecast, it will provide accurate prediction of road surface temperature for up to 24h ahead.
(3) The model is simulated under ideal conditions. The influence of geographical parameters such as altitude, topography and sky-view factors on the climatology of the road need to be studied.
